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(54) HIGH FREQUENCY DISCHARGE METHOD, ITS DEVICE, AND HIGH FREQUENCY PROCESSING 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify the structure of an 
antenna, reduce the cost of replacing component, and facilitate 
maintenance by arranging at least one linear antenna for 
generating an induction field for forming plasma by the supply of 
high frequency power within a vacuum container. 
SOLUTION: At least one inner linear antenna 9 is arranged so 
as to cross a plasma forming chamber 1 having gas introduction 
pipes 3a, 3b at the top, an exhaust pipe 4 at the bottom, and a 
base plate stage 5 for placing a workpiece 6 on the inside. The 
outer circumference of an antenna conductor such as a copper 
pipe inside which a coolant flows is covered with an insulator, 
and one end is connected to a high frequency power source 13 
through a matching device 12 containing a capacitor. By 
connecting the capacitor to the other end to be earthed, 
electrostatic coupling with plasma P can be controlled. By using 
the inner linear antenna 9 suitable for replacement when it is 
consumed by sputtering, power transmission efficiency is made 
higher than an outer setting type antenna, and although the 
magnetic flux density is lower than a loop type, the antenna 9 is 
near to the plasma P and has high contribution factor. 
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* NOTICES * 

iTPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The high-frequency-discharge approach which arranges the antenna of the shape of at least one 
straight line in a container, is made to generate induction field in said vacuum housing by supplying high- 
frequency power to this antenna, and generates the plasma. 

[Claim 2] The high-frequency-discharge approach characterized by connecting a capacitor among one the 
earth side of said antenna or said two or more antennas, changing the high-frequency-voltage distribution on 
said antenna by change of the capacity of this capacitor, and controlling electrostatic association with said 
antenna and said plasma while arranging the antenna of the shape of at least one straight line in a container. 
[Claim 3] an antenna — the high-frequency-discharge approach according to claim 1 or 2 characterized by 
making it said antenna which has performed pre-insulation to the periphery side of a conductor. 
[Claim 4] the interior of the above-mentioned pre-insulation — an antenna ~ the high-frequency-discharge 
approach according to claim 3 characterized by for a conductor carrying out eccentricity and preparing it. 
[Claim 5] the above-mentioned antenna ~ the high-frequency-discharge approach according to claim 4 
characterized by carrying out eccentricity of the conductor and preparing it toward the processed object side 
which is a processing object. 

[Claim 6] High-frequency-discharge equipment characterized by providing the antenna of at least one shape 
of a straight line for arranging in the high-frequency-discharge equipment for generating the plasma in said 
container by generating induction field in a container in said container which generates said induction field 
by supply of the high frequency current. 

[Claim 7] Said two or more antennas are high-frequency-discharge equipment according to claim 6 mutually 
characterized by series connection or carrying out parallel connection. 

[Claim 8] High-frequency-discharge equipment according to claim 6 or 7 characterized by adding at least 
one capacitor in order to connect, respectively among one the earth side of said antenna or said two or more 
antennas and to change the high-frequency voltage distribution on said antenna by change of capacity. 
[Claim 9] said antenna — an antenna — the high-frequency-discharge equipment according to claim 6 to 8 
characterized by performing pre-insulation to the periphery side of a conductor. 

[Claim 10] The vacuum housing by which the gas for plasma production is supplied to the interior, and a 
processed object is arranged inside, Generate induction field in said vacuum housing by supply of the high- 
frequency power from the power source for high-frequency power, and this power source, and the plasma is 
made to generate. The RF processor characterized by providing at least one capacitor connected, 
respectively between the antenna of the shape of at least one straight line arranged in said vacuum housing 
which makes it process to said processed object, and one the earth side of said antenna or said two or more 
antennas. 

[Claim 11] Said two or more antennas are RF processors according to claim 10 mutually characterized by 
series connection or carrying out parallel connection. 

[Claim 12] said antenna — an antenna — the RF processor according to claim 10 characterized by performing 
pre-insulation to the periphery side of a conductor. 

[Claim 13] Said capacitor is a RF processor according to claim 10 which capacity is adjustable and is 
characterized by changing this capacity and changing the high-frequency-voltage distribution on said 
antenna. 

[Claim 14] the above-mentioned pre-insulation — an antenna — while the periphery side of a conductor is 
covered — the interior of this pre-insulation — an antenna — the RF processor according to claim 10 
characterized by for a conductor carrying out eccentricity and preparing it to the above-mentioned pre- 
insulation. 
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[Claim 15] the above-mentioned antenna — the RF processor according to claim 10 characterized by 
carrying out eccentricity of the conductor and preparing it in said processed object side. 
[Claim 16] the above-mentioned pre-insulation — the path — the above-mentioned antenna — the RF 
processor according to claim 1 0 characterized by being prepared so that it may change toward the direction 
which met the conductor. 

[Claim 1 7] the above-mentioned pre-insulation — the above-mentioned antenna — some conductors — a wrap 
— the RF processor according to claim 10 characterized by being prepared like. 

[Claim 18] the above-mentioned antenna corresponding to the above-mentioned vacuum housing central 
part in the above-mentioned pre-insulation — the RF processor according to claim 10 characterized by being 
prepared so that the part of a conductor may be covered. 

[Claim 19] the above-mentioned antenna with which the above-mentioned pre-insulation faces the wall side 
of the above-mentioned vacuum housing — a conductor — a wrap — the RF processor according to claim 10 
characterized by being prepared like. 

[Claim 20] said antenna — the RF processor according to claim 10 characterized by a conductor having at 
least one bend. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a RF processor at the high-frequency-discharge approach 
used for sources of the plasma, such as manufacture of the thin film for example, on a semi-conductor wafer 
or a source of a particle beam, and an analysis apparatus, and its equipment list. 
[0002] 

[Description of the Prior Art] The component (a thin film is called hereafter) in which the thin film which 
uses a metal, semimetal, a semi-conductor, an oxide, a nitride, arsenic, etc. as a component was formed 
Storage, such as LSI, a magnetic recording medium, and optical recording equipment, semiconductor laser, 
It is applied to the main parts of a variety of equipments, such as energy devices, such as displays, such as 
communication equipment, such as an optoelectric transducer, a flat-surface display, and a solid state image 
sensor, and a solar battery, and technical development is expected as indispensable components for 
developing the miniaturization of a device, and high performance-ization from now on. 
[0003] Such a thin film is intermediary **** [in etching, CVD, etc. / the manufacture process detailed-izing 
of the structure and high performance-ization are progressing, for example, using the plasma ] importantly. 
And area of the substrate of the processed object used in a manufacture process is also large-area-ized from 
a viewpoint of a productivity drive. 

[0004] In order to realize such a manufacture process, the RF plasma equipment of an inductive-coupling 
mold attracts attention. Usually this inductive-coupling type of RF plasma equipment arranges a loop- 
formation-like antenna (a loop antenna is called hereafter) the exterior or inside a vacuum housing, adds the 
induction field generated by passing the high frequency current at this antenna to the gas in a vacuum 
housing, and is generating the plasma. 

[0005] In this case, the induction field generated with an antenna are added to the gas in a vacuum housing 
through the dielectric window installed in the vacuum housing, and that high-frequency power is combined 
with the plasma through induction field. 

[0006] Among these, the thing of the internal antenna system which has arranged the loop antenna inside a 
vacuum housing arranges an antenna directly inside a vacuum housing, passes the high frequency current at 
this antenna, and generates the plasma, since the distance between an antenna and the plasma is short, the 
high-frequency power from an antenna to the plasma is transmitted efficiently, and the high-density plasma 
production of it becomes possible easily. 

[0007] the example of the technique used for sputtering as plasma treatment equipment of such internal 
antenna system at JP,7-18433,A, for example — or the example of the technique used for JP,8-81777,A at 
CVD is indicated. 

[0008] That is, in the high frequency discharge of an inductive-coupling mold, electrostatic field are also 
produced between an antenna and the plasma with the high-frequency voltage of not only the induction field 
produced according to the high frequency current which flows at an antenna but an antenna. 
[0009] In external antenna system, a negative direct-current self-bias electrical potential difference occurs 
on the front face of a dielectric window according to generating of this electrostatic field, and a direct- 
current self-bias electrical potential difference occurs to the plasma at the antenna itself in internal antenna 
system. 

[0010] And the ion in the plasma is accelerated and sputtering of a dielectric window or the antenna itself is 
carried out by this direct-current self-bias electrical potential difference. In internal antenna system, since 
the distance of an antenna and the plasma is short, the phenomenon of this sputtering appears more notably. 
[001 1] Sputtering happens with an antenna also by the condition that the phenomenon of such sputtering 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/14/2006 



JP,1 1-317299,A [DETAILED DESCRIPTION] 



Page 2 of 13 



does not impress direct-current bias voltage to the antenna arranged inside a vacuum housing like the 

technique indicated by for example, above-mentioned JP,7-18433,A. 

[0012] 

[Problem(s) to be Solved by the Invention] However, if internal antenna system is used for processes, such 
as CVD and etching, the atom and molecule by which sputtering was carried out will have a bad influence 
on a process as an impurity. 

[0013] That is, as a result of electrostatic association with an antenna and the plasma, a negative direct- 
current self-bias electrical potential difference occurs in the dielectric an antenna or near the antenna, the ion 
therefore produced by discharge on this self-bias electrical potential difference is accelerated, and the spatter 
of the ingredient of a dielectric or an antenna is carried out to it. For example, if the ingredient of an antenna 
is copper, this copper itself and ionized copper will adhere and accumulate on the wall and processed object 
of a vacuum housing. 

[0014] Moreover, in internal antenna system, since an antenna is exhausted by sputtering, this antenna will 
be exchanged for a new antenna, if it exhausts to some extent. That is, it is dealt with as a substitute part. 
[001 5] by the way ~ a large — in case the plasma of a uniform consistency is generated in an aperture 
vacuum housing, in external antenna system, rationalization is carried out to the configuration of an antenna, 
or its arrangement, and the antenna of a complicated and delicate configuration is adopted. 
[0016] On the other hand, in internal antenna system, since an antenna is dealt with as a substitute part as 
above-mentioned, in order to aim at reduction of components cost, and improvement in a maintenance, it is 
needed that an antenna is the simplest possible structure. 

[0017] Then, this invention aims at offering the high-frequency-discharge approach as for which the antenna 
arranged in a container is made to simple structure, and its equipment. 

[0018] Moreover, this invention aims at offering the RF processor which simplifies structure of the antenna 

arranged in a vacuum housing, and can perform RF processing. 

[0019] 

[Means for Solving the Problem] According to claim 1 , it is the high-frequency-discharge approach which 
arranges the antenna of the shape of at least one straight line in a container, is made to generate induction 
field in a vacuum housing by supplying high-frequency power to this antenna, and generates the plasma. 
[0020] According to claim 2, while arranging the antenna of the shape of at least one straight line in a 
container, it is the high-frequency-discharge approach characterized by connecting a capacitor among one 
the earth side of said antenna or said two or more antennas, changing the high-frequency-voltage 
distribution on said antenna by change of the capacity of this capacitor, and controlling electrostatic 
association with said antenna and said plasma. 

[0021] according to claim 3 — the high-frequency-discharge approach according to claim 1 or 2 — setting — 
an antenna — it considers as the antenna which has performed pre-insulation to the periphery side of a 
conductor. 

[0022] according to claim 4 — the high-frequency-discharge approach according to claim 3 — setting — the 
interior of pre-insulation — an antenna ~ it is characterized by for a conductor carrying out eccentricity and 
preparing it. 

[0023] according to claim 5 — the high-frequency-discharge approach according to claim 4 — setting — an 
antenna — a conductor is characterized by carrying out eccentricity and being prepared toward the processed 
object side which is a processing object. 

[0024] According to claim 6, in the high-frequency-discharge equipment for generating the plasma in said 
container, it is high-frequency-discharge equipment characterized by providing the antenna of at least one 
shape of a straight line for arranging in said container which generates said induction field by supply of the 
high frequency current by generating induction field in a container. 

[0025] according to claim 7 — high-frequency-discharge equipment according to claim 6 — setting — two or 
more antennas — mutual — series connection — or parallel connection is carried out. 

[0026] According to claim 8, in high-frequency-discharge equipment according to claim 6 or 7, it connected 

among one the earth side of an antenna or two or more antennas, respectively, and in order to change the RF 

distribution of voltage on an antenna by change of capacity, at least one capacitor was added. 

[0027] according to claim 9 — high-frequency-discharge equipment according to claim 6 to 8 — setting — an 

antenna — an antenna — pre-insulation is performed to the periphery side of a conductor. 

[0028] The vacuum housing by which according to claim 10 the gas for plasma production is supplied to the 

interior, and a processed object is arranged inside, The antenna of at least one shape of a straight line 

arranged in the vacuum housing which generates induction field in a vacuum housing by supply of the high- 
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frequency power from the power source for high-frequency power, and this power source, makes the plasma 
generate, and makes it process to a processed object, It is the RJF processor equipped with at least one 
capacitor connected among one the earth side of an antenna or two or more antennas, respectively. 
[0029] According to claim 1 1 , in a RF processor according to claim 1 0, said two or more antennas are 
mutually characterized by series connection or carrying out parallel connection. 

[0030] according to claim 12 ~ a RF processor according to claim 10 — setting — an antenna — an antenna — 
pre-insulation is performed to the periphery side of a conductor. 

[0031] According to claim 13, in a high frequency processor according to claim 10, capacity is adjustable, 
and a capacitor changes this capacity and changes the high-frequency-voltage distribution on an antenna. 
[0032] according to claim 14 — the above-mentioned pre-insulation — an antenna — while the periphery side 
of a conductor is covered — the interior of this pre-insulation ~ an antenna — it is the RF processor 
according to claim 10 characterized by for a conductor carrying out eccentricity and preparing it to pre- 
insulation. 

[0033] according to claim 15 — a RF processor according to claim 10 — setting — an antenna — a conductor 
is characterized by carrying out eccentricity and being prepared in the processed object side. 
[0034] according to claim 16 ~ a RF processor according to claim 10 — setting — pre-insulation — the path - 
the above-mentioned antenna — it is characterized by being prepared so that it may change toward the 
direction which met the conductor. 

[0035] according to claim 17 — a RF processor according to claim 10 — setting — pre-insulation — the 
above-mentioned antenna — some conductors — a wrap ~ it is characterized by being prepared like. 
[0036] the above-mentioned antenna on a RF processor according to claim 10 and corresponding to 
[ according to claim 1 8 ] the above-mentioned vacuum housing central part in pre-insulation - it is 
characterized by being prepared so that the part of a conductor may be covered. 

[0037] the antenna with which pre-insulation faces the wall side of a vacuum housing in a RF processor 
according to claim 10 according to claim 19 — a conductor — a wrap — it is characterized by being prepared 
like. 

[0038] according to claim 20 — a RF processor according to claim 10 — setting — an antenna — a conductor 

is characterized by having at least one bend. 

[0039] 

[Embodiment of the Invention] (1) Explain the gestalt of operation of the 1st of this invention with reference 
to a drawing hereafter. 

[0040] Drawing 1 is the block diagram of the RF processor which applied the high-frequency-discharge 
approach of this invention. 

[0041] It is formed in the shape of a cylinder, and while the gas installation tubing 3a and 3b for supplying 
gas 2, such as rare gas, such as process gas, such as reactant gas for etching and material gas for CVD, and 
Ar, to the upper part is connected, as for the plasma production chamber 1 as a vacuum housing, the exhaust' 
pipe 4 is connected to the lower part. This plasma production chamber 1 may be formed in cube 
configurations, such as not only the shape of a cylinder but a quadrilateral. 

[0042] In addition, although not illustrated to an exhaust pipe 4, an exhaust air pump is connected to it 
through a pressure regulating valve, and the inside of the plasma production chamber 1 is maintained at the 
desired pressure by actuation of this exhaust air pump. 

[0043] Moreover, in the plasma production chamber 1, the substrate stage 5 is formed and the workpiece 6 
by which etching or CVD processing is performed on this substrate stage 5 is laid. In addition, a power 
source 8 is connected to this substrate stage 5 through the adjustment machine 7, and the bias of a 
predetermined electrical potential difference is impressed to it to the substrate stage 5. 
[0044] Furthermore, in the plasma production chamber 1, it is arranged so that the straight-line-like antenna 
(an internal straight-line antenna is called hereafter) 9 may cross the plasma production chamber 1 . In 
addition, if it is a straight line-like as the internal straight-line antenna 9 whole, it is sufficient for having 
called the straight line here, and it shall permit that there is a part which curved at a part of this straight-line- 
like antenna 9. 

[0045] this internal straight-line antenna 9 — for example, it is formed of a conductive ingredient, for 
example, copper, and aluminum, and is shown in drawing 2 — as ~ for example, the antenna of a copper 
pipe — it is what performed pre-insulation by the insulating material 1 1 , for example, a quartz pipe with a 
diameter of 1 5mm, about the periphery of a conductor 1 0. 

[0046] this antenna — a conductor 10 is formed in the diameter of 6mm, and a refrigerant flows to that 
inside, and the temperature rise of the internal straight-line antenna 9 is prevented. 
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[0047] in addition, the internal straight-line antenna 9 — an antenna — the ** which does not perform pre- 
insulation to the periphery of a conductor 10 — an antenna — the metal of a conductor — it is good also as 
pure. 

[0048] As shown in drawing 1 , RF generator 13 is connected to the end of this internal straight-line antenna 
9 through the adjustment machine 12, and the other end side is grounded. 

[0049] Among these, the adjustment machine 12 consists of a capacitor and a coil, and has the operation 
which makes zero reflective power to RF generator 13. 

[0050] Next, the modification of arrangement of the antenna in the gestalt of implementation of the above 
1 st is explained with reference to drawing 3 and drawing 4 . In addition, the workpiece 6 which gives the 
same sign to the same part as drawing 1 , and omits that detailed explanation, and is laid the substrate stage 
5 and on this substrate stage 5 is also omitted. 

[0051] Drawing 3 is the block diagram showing an example of the RF processor which carried out 2 series 
connection of the internal straight-line antenna. 

[0052] It is mutually arranged at vertical relation so that two internal straight-line antennas 14 and 15 may 
cross the plasma production chamber 1 in the plasma production chamber 1 . 

[0053] While series connection of these interior straight-line antennas 14 and 15 is carried out and the end of 
one internal straight-line antenna 14 is connected to RF generator 13 through the adjustment machine 12 
among parentheses, the other end of the internal straight-line antenna 15 of another side is grounded. 
[0054] these interior straight-line antennas 14 and 15 are formed by aluminum, the same for example, 
conductive ingredient, for example, the copper, of the above-mentioned internal straight-line antenna 9, — 
having — and the antenna of a copper pipe — it is what performed pre-insulation by the insulating material, 
for example, a quartz pipe with a diameter of 1 5mm, about the periphery of a conductor, the antenna of this 
copper pipe — a conductor is formed in the diameter of 6mm, and a refrigerant flows to that inside, and the 
temperature rise of two antennas 14 and 15 is prevented. 

[0055] in addition, these interior straight-line antennas 14 and 15 — an antenna — the ** which does not 
perform pre-insulation to the periphery of a conductor — an antenna — the metal of a conductor — it is good 
also as pure. 

[0056] Drawing 4 is the block diagram showing an example of the RF processor which carried out 2 parallel 
connection of the internal straight-line antenna. 

[0057] It is mutually arranged at vertical relation so that two internal straight-line antennas 16 and 17 may 
cross the plasma production chamber 1 in the plasma production chamber 1 . 

[0058] While the end by which parallel connection of these interior straight-line antennas 16 and 17 was 
carried out, and common connection of these interior straight-line antennas 1 6 and 1 7 was made is 
connected to RF generator 1 3 through the adjustment machine 1 2, the other end by which common 
connection was made similarly is grounded. 

[0059] these interior straight-line antennas 1 6 and 1 7 are formed by aluminum, the same for example, 
conductive ingredient, for example, the copper, of the above-mentioned internal straight-line antenna 9, — 
having — and the antenna of a copper pipe — it is what performed pre-insulation by the insulating material, 
for example, a quartz pipe with a diameter of 1 5mm, about the periphery of a conductor, the antenna of this 
copper pipe — a conductor is formed in the diameter of 6mm, and a refrigerant flows to that inside, and the 
temperature rise of two antennas 14 and 15 is prevented. 

[0060] in addition, these interior straight-line antennas 16 and 17 — an antenna — the ** which does not 
perform pre-insulation to the periphery of a conductor — an antenna — the metal of a conductor — it is good 
also as pure. 

[0061] Next, an operation of the constituted equipment is explained like the above. 
[0062] In the equipment shown in drawing 1 , if the high frequency current flows from RF generator 13 
through the adjustment machine 12 to the internal straight-line antenna 9 of the shape of a straight line 
arranged inside the plasma production chamber 1 , induction field will occur around the internal straight-line 
antenna 9, and this induction field will be added to process gas, such as reactant gas for etching in the 
plasma production chamber 1, and material gas for CVD. 

[0063] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 
formation is performed. 

[0064] In the equipment shown in drawing 3 , if the high frequency current flows from RF generator 1 3 
through the adjustment machine 1 2 to two internal straight-line antennas 1 4 and 1 5 with which series 
connection of the plasma production chamber 1 interior was carried out, induction field will occur around 
these interior straight-line antennas 14 and 15, and this induction field will be added to process gas, such as 
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reactant gas for etching in the plasma production chamber 1, and material gas for CVD. 

[0065] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 

formation is performed. 

[0066] In the equipment shown in drawing 4 , if the high frequency current flows from RF generator 13 
through the adjustment machine 12 to two internal straight-line antennas 16 and 17 with which parallel 
connection of the plasma production chamber 1 interior was carried out, induction field will occur around 
these interior straight-line antennas 16 and 17, and this induction field will be added to process gas, such as 
reactant gas for etching in the plasma production chamber 1, and material gas for CVD. 
[0067] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 
formation is performed. 

[0068] Power transmission efficiency ps from an antenna when the above-mentioned internal antenna 
system generates Plasma P here to the plasma It measured. 

[0069] This power transmission efficiency ps ps = (prf-Ra and lrf2)/prf — (1) It asked. Here, it is the high 
frequency current to which prf flows to the output power of RF generator 13 of the generate time of Plasma 
P, and lrf flows to the internal straight-line antennas 9, 14, and 15, or 16 and 17. 

[0070] Moreover, Ra It is the internal straight-line antennas 9, 14, and 15 or 16 or 17 resistance, and high- 
frequency power is supplied to each above-mentioned internal straight-line antennas 9, 14, and 15, or 16 and 
17, without introducing gas 2 in the plasma production chamber 1, and it is considering as the value which 
did the division of the RF output power at the time of not making Plasma P generate by the square of a 
current which flows to the internal straight-line antennas 9, 14, and 15 at that time, or 16 and 17. 
[0071] This power transmission efficiency ps By asking, it can estimate what percent of the RF power 
outputs at the time of plasma production is consumed by plasma production. 

[0072] This power transmission efficiency ps Plasma production conditions were set to oxygen gas flow rate 
=100sccm pressure =10Pa high-frequency power =20-800 W using the equipment which has arranged one 
internal straight-line antenna 9 shown in above-mentioned drawing 1 in the experiment to measure. 
[0073] Drawing 5 is the power transmission efficiency ps. It is drawing showing the dependency of the 
high-frequency power to switch on. 

[0074] This drawing is shown also about the result of the RF processor of the inductive-coupling mold of 
external antenna system as a comparison of the equipment which has arranged one internal straight-line 
antenna 9. In addition, the internal straight-line antenna 9 is covered with the quartz pipe 1 1 in order to 
prevent carrying out sputtering of the metal which affects a process. 

[0075] Drawing 6 shows the block diagram of the RF processor of the external antenna system made 
applicable [ this ] to a comparison. 

[0076] While the gas installation tubing 19a and 19b for the plasma production chamber 18 to supply gas 2, 
such as rare gas, such as process gas, such as reactant gas for etching and material gas for CVD, and Ar, to 
the upper part is connected, the exhaust pipe 20 is connected to the lower part. 

[0077] Although not illustrated in this exhaust pipe 20, an exhaust air pump is connected to it through a 
pressure regulating valve, and the inside of the plasma production chamber 18 is maintained at the desired 
pressure by actuation of this exhaust air pump. 

[0078] Moreover, in the plasma production chamber 18, the substrate stage 21 is formed and the workpiece 
22 by which etching or CVD processing is performed on this substrate stage 21 is laid. 

[0079] Furthermore, the quartz aperture 23 is formed in the upper part of the plasma production chamber 1 8, 
and the loop antenna 24 is formed on this quartz aperture 23. 

[0080] This loop antenna 24 is what carried out one copper pipe, RF generator 26 is connected to that end 
through the adjustment machine 25, and the other end is grounded. 

[0081] If the high frequency current flows from RF generator 26 through the adjustment machine 25 to a 
loop antenna 24 with such a configuration, induction field will occur around this loop antenna 24, and this 
induction field will be added to process gas, such as reactant gas for etching in the plasma production 
chamber 1, and material gas for CVD, through the quartz aperture 23. Plasma P is generated by this and 
processing of etching to the processed object 22 or thin film formation is performed. 

[0082] However, power transmission efficiency ps of the equipment of one internal straight-line antenna 9 
and the equipment of external antenna system which are shown in above-mentioned drawing 5 The 
equipment using the internal straight-line antenna 9 is compared with the equipment of external antenna 
system from a measurement result, and it is the power transmission efficiency ps. It is high and it turns out 
that it is satisfactory about plasma production. 

[0083] Although the flux density in the part which generates induction field is considered to become small 
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compared with a loop antenna 24, since the internal straight-line antenna 9 is close with Plasma P and 
comparatively strong electric field are guided into the plasma with the internal straight-line antenna 9, this 
result is considered for many of magnetic flux generated according to the high frequency current 
contributing effective in generating of induction field. 

[0084] Next, power transmission efficiency ps when using two internal straight-line antennas A 
measurement result is explained. 

[0085] Drawing 7 is the power transmission efficiency ps of a total of four kinds of equipments of the 
equipment of each equipment which shows an internal straight-line antenna to above-mentioned drawing 1 , 
drawing 3 , and drawing 4 which have been arranged in the process generation chamber 1 , and the external 
antenna system further shown in above-mentioned drawing 6 . The measurement result is shown. In 
addition, each antenna of an internal straight line and the exterior shall be covered with the quartz pipe 1 1 . 
[0086] It is not concerned with the connection method of each antenna in the field in which the high- 
frequency power switched on as shown in this drawing exceeds 500W, but is the power transmission 
efficiency ps. It is thought that it is high and has become discharge of an inductive-coupling mold. 
[0087] It sets to this field and is the power transmission efficiency ps. Intermediary **** [ in the case where 
the case where became almost the same by the case where 2 series connection is carried out to the case 
where 1 series connection of the internal straight-line antenna is carried out into the process generation 
chamber 1 , and 2 parallel connection of the internal straight-line antenna is carried out, and an external 
antenna are used ] almost identically. 

[0088] Thus, it is not concerned with the number or connection method of an internal straight-line antenna, 
but it compares with external antenna system in internal antenna system, and is the power transmission 
efficiency ps. Since it is large, it is thought [ comparable or ] that a plasma consistency also becomes 
comparable or more than it. 

[0089] Thereby, two or more internal straight-line antennas are arranged in the plasma production chamber 
1, and plasma production of a uniform consistency can be performed with the diameter of macrostomia by 
rationalizing arrangement of these interior straight-line antenna. 

[0090] Next, the measurement result at the time of being covered with the quartz pipe 11 as an internal 
straight-line antenna shows drawing 2 is explained. 

[0091] As a result of measuring the electron density of Ar plasma in the equipment using one internal 
straight-line antenna 9 shown in above-mentioned drawing 1 , the electron density was set to 2xlOE+l 1cm- 
3, and it was checked that plasma production high-density enough is possible. 

[0092] moreover, the internal straight-line antenna 9 is shown in drawing 2 — as — an antenna — the case 
where the perimeter of a conductor 1 0 is covered with the quartz pipe 1 1 , and an antenna — the metal of a 
conductor 1 0 — the impurity produced by SUP ARRINGU of the internal straight-line antenna 9 was 
investigated by experiment about the case of being pure. 

[0093] This experiment approach generated for example, Ar plasma with the equipment shown in above- 
mentioned drawing 1 , laid the semi-conductor wafer which formed poly-Si and Cu as a processed object 6 
on the substrate stage 5, and took the approach of carrying out elemental analysis of the existence of an atom 
and a molecule by which sputtering was carried out on this semi-conductor wafer by XPS (X-ray induction 
photoelectron spectroscopy). 

[0094] Drawing 8 is drawing showing the experimental result of the impurity produced by SUP ARRINGU 
of the internal straight-line antenna 9. When not covering in the quartz pipe 1 1, it turns out that aluminum 
was detected on the semi-conductor wafer, sputtering of the aluminum of the internal straight-line antenna 9 
was carried out, and it has accumulated on poly-Si. Since poly-Si is not detected, if the detection depth of 
XPS is considered, it will be thought that at least 50A or more is deposited. 

[0095] On the other hand, when it covers in the quartz pipe 1 1 , Si is not detected, and since it is the same 
elementary composition as an unsettled semi-conductor wafer, sputtering of the quartz pipe 1 1 is considered 
to be controlled by extent which does not affect a process. 

[0096] thus, the quartz pipe 1 1 — an antenna — a conductor 1 0 — a wrap — generating of the impurity 
generated by sputtering which has a bad influence on a process by things, maintaining Plasma P at a high 
plasma consistency equivalent to external antenna system can be prevented. 

[0097] Thus, in the gestalt of implementation of the above 1st, since antenna structure was made into the 
shape of a straight line, this antenna of each other was connected to 1, a two or more serial, or juxtaposition 
and it has arranged inside the plasma production chamber 1, the antenna arranged in the plasma production 
chamber 1 is made into the simple structure which was easy to produce and was excellent in maintenance 
nature, such as exchange, and the antenna of a parenthesis can generate high-density BURAZUMA P in the 
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plasma production chamber 1 . 

[0098] Moreover, when generating the plasma with a uniform consistency with the diameter of 
macrostomia, two or more internal straight-line antennas can be realized by rationalizing mutually a serial or 
the combination which carries out parallel connection so that a plasma consistency may become 
homogeneity. 

[0099] furthermore, an antenna — the metal impurity which generates a conductor 10 by sputtering of an 
antenna with the insulating material of quartz pipe 1 1 grade at that of a wrap can be controlled. (2) Explain 
the gestalt of operation of the 2nd of this invention with reference to a drawing hereafter. In addition, the 
same sign is given to the same part as above-mentioned drawing 1 , drawing 3 , and drawing 4 , and the 
detailed explanation is omitted. 

[01 00] Drawing 9 is the block diagram of the RF processor which applied the high-frequency-discharge 
approach of this invention. 

[0101] RF generator 13 is connected to the end of the internal straight-line antenna 9 through the adjustment 
machine 12, and the other end is grounded through the suspension capacitor 30. 

[0102] This suspension capacitor 30 is variable capacity, and is that capacity Cf. It is made to change, the 
high-frequency-voltage distribution on the internal straight-line antenna 9 is changed, and it has the 
operation which controls electrostatic association with this internal straight-line antenna 9 and Plasma P. 
[0103] Namely, drawing 10 (a) The electrical potential difference of an A point [ as opposed to / if the 
suspension capacitor 30 is not connected to the internal straight-line antenna 9 so that it may be shown / 
touch-down ] is this drawing (b). It is set to 0V so that it may be shown, and between an A point and a B 
point, it is this drawing (c). The voltage waveform corresponding 'to the electrical potential difference of RF 
generator 13 appears so that it may be shown. As shown in this drawing (d), even if this wave is attached at 
the B point to touch-down, it is the same. 

[0104] On the other hand, drawing 1 1 (a) If the suspension capacitor 30 is connected to the internal straight- 
line antenna 9 so that it may be shown, the electrical potential difference which has one 1/2 time the 
amplitude of this by the voltage drop of this suspension capacitor 30 by the electrical-potential-difference 
phase { drawing 4 (c)} and opposite phase between an A point and a B point as shown in this drawing (b) 
will appear at an A point. 

[0105] Therefore, the electrical potential difference of touch-down to a B point is the electrical potential 
difference and this drawing (c) of an opposite phase by the suspension capacitor 30 shown in this drawing 
(b). It becomes the wave which the electrical potential difference during the A point and B point which are 
shown overlapped, and is this drawing (d). It becomes the electrical potential difference which became small 
[ maximum as shown ]. 

[0106] Therefore, capacity Cf of the suspension capacitor 30 By making it change, the distribution of 
voltage on the internal antenna 9 is changed, and the electrical potential difference of the point of the 
arbitration on the internal straight-line antenna 9, for example, the midpoint of an A point and a B point, can 
be controlled to 0V. And compared with the case where there is no suspension capacitor at this time, from 
touch-down to a B point serves as half about high-frequency voltage, and electrostatic association can be 
controlled sharply. 

[0107] Next, the modification of arrangement of the antenna in the gestalt of implementation of the above 
2nd is explained with reference to drawing 12 and drawing 13 . In addition, the workpiece 6 which gives the 
same sign to the same part as drawing 9 , and omits that detailed explanation, and is laid the substrate stage 
5 and on this substrate stage 5 is also omitted. 

[0108] Drawing 12 is the block diagram of the RF processor which carried out 2 series connection of the 
internal straight-line antennas 14 and 15. 

[0109] While an intercondenser 31 is connected between two internal straight-line antennas 14 and 15, the 
suspension capacitor 30 is connected between the internal straight-line antenna 15 and touch-down. 
Electrostatic association with each internal straight-line antennas 14 and 15 and Plasma P is controlled like 
[ this intercondenser 31 ] the suspension capacitor 30. 

[01 10] That is, these suspension capacitor 30 and an intercondenser 31 are variable capacity, respectively, 
and are each of that capacity Ci and Cf. It is made to change, respectively, the high-frequency-voltage 
distribution on each internal straight-line antenna 14 and 15 is changed, and it has the operation which 
controls electrostatic association with these interior straight-line antennas 14 and 15 and Plasma P. 
[0111] Drawing 1 3 is the block diagram of the RF processor which carried out 2 parallel connection of the 
internal straight-line antennas 16 and 17. 

[01 12] RF generator 13 is connected to the end of these interior straight-line antennas 16 and 17 through the 
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adjustment machine 12, and the other end is grounded through the suspension capacitor 32. 
[0113] This suspension capacitor 32 is variable capacity, and is each of that capacity Cg. It is made to 
change, the high-frequency- voltage distribution on each internal straight-line antenna 16 and 17 is changed, 
and it has the operation which controls electrostatic association with these interior straight-line antennas 1 6 
and 1 7 and Plasma P. 

[01 14] Next, an operation of the constituted equipment is explained like the above. 

[01 1 5] In the equipment shown in drawing 9 , if the high frequency current flows from RF generator 13 at 
the internal straight-line antenna 9 arranged inside the plasma production chamber 1 , induction field will 
occur around the internal straight-line antenna 9, and this induction field will be added to process gas, such 
as reactant gas for etching in the plasma production chamber 1, and material gas for CVD. 
[0116] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 
formation is performed. 

[0117] At this time, the suspension capacitor 30 is that capacity Cf. It is adjusted, the high-frequency- 
voltage distribution on the internal straight-line antenna 9 is changed, and electrostatic association with this 
internal straight-line antenna 9 and Plasma P is controlled. 

[01 18] In the equipment shown in drawing 12 , if the high frequency current is passed by two internal 
straight-line antennas 14 and 15 from RF generator 13 at a serial, induction field will occur around these 
interior straight-line antennas 14 and 15, and this induction field will be added to process gas, such as 
reactant gas for etching in the plasma production chamber 1, and material gas for CVD. 
[0119] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 
formation is performed. 

[0120] At this time, the suspension capacitor 30 and an intercondenser 31 are that capacity Cf and Ci. It is 
adjusted, the high-frequency- voltage distribution on the internal straight-line antenna 14 and 15 is changed, 
and electrostatic association with these interior straight-line antennas 14 and 15 and Plasma P is controlled. 
[0121] In the equipment shown in drawing 13 , if the high frequency current flows from RF generator 13 at 
juxtaposition at two internal straight-line antennas 1 6 and 1 7 arranged inside the plasma production chamber 
1, induction field will occur around these interior straight-line antennas 16 and 17, and this induction field 
will be added to process gas, such as reactant gas for etching in the plasma production chamber 1 , and 
material gas for CVD. 

[0122] Plasma P is generated by this and processing of etching to the processed object 6 or thin film 
formation is performed. 

[0123] At this time, the suspension capacitor 32 is that capacity Cg. It is adjusted, the high-frequency- 
voltage distribution on the internal straight-line antenna 16 and 17 is changed, and electrostatic association 
with these interior straight-line antennas 16 and 17 and Plasma P is controlled. 

[0124] Next, the experimental result about the effectiveness of a suspension capacitor and an intercondenser 
is explained. 

[0125] This experiment carries out the series connection of the two internal straight-line antennas, and 
measures change of the antenna voltage distribution by the number and location of the floating capacitor 
linked to a serial etc. 

[0126] Drawing 14 is the block diagram of the RF processor used for this experiment. 
[0127] The plasma production chamber 40 is formed for example, in a circle configuration, and gas 2, such 
as rare gas, such as process gas, such as reactant gas for etching and material gas for CVD, and Ar, is 
supplied to the interior from the upper part. 

[0128] Moreover, the exhaust pipe 41 is connected to the lower part of the plasma production chamber 40. 
Although not illustrated in this exhaust pipe 41, an exhaust air pump is connected to it through a pressure 
regulating valve, and the inside of the plasma production chamber 1 is maintained at the desired pressure by 
actuation of this exhaust air pump. 

[0129] Moreover, in the plasma production chamber 40, the substrate stage 42 is formed and the workpiece 
43 by which etching or CVD processing is performed on this substrate stage 42 is laid. 
[0130] Moreover, the quartz aperture 44 is formed in the upper part of the plasma production chamber 40. 
[0131] Furthermore, into the plasma production chamber 40, two internal straight-line antennas 45 and 46 
cross the plasma production chamber 40, and series connection is carried out, and it is mutually arranged in 
the vertical direction. 

[0132] the antenna with which these interior straight-line antennas 45 and 46 are formed from a copper pipe 
with a diameter of 6mm — the configuration which covered the conductor in the quartz pipe with a diameter 
of 15mm - it is — an antenna — the refrigerant flowed inside the conductor 10 and the temperature rise of 
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the internal straight-line antennas 45 and 46 is prevented. 

[0133] Among these, RF generator 48 is connected to the end of the internal straight-line antenna 45 through 
MATCHA 47 dedicated to the case of a conductor. 

[0134] MATCHA 47 consists of each capacitors 49 and 50 of the variable capacity which determines that 
capacity can take matching. 

[0135] Moreover, between two internal straight-line antennas 45 and 46, it is an intercondenser Ci. While 
connecting, in the other end of the internal straight-line antenna 46, it is the suspension capacitor Cf. It 
connects. 

[0136] It has each following measuring device to such equipment. 

[0137] The RF probe 51 was formed between the internal straight-line antenna 45 and MATCHA 47, and 
Current I and the electrical potential difference V are measured by this RF probe 5 1 . 

[0138] Moreover, the internal straight-line antenna 45 and an intercondenser Ci In between, an oscilloscope 
52 is connected for an inputioutput through the high- voltage probe of 10000:1, and it is high-frequency 
voltage Vi by this oscilloscope 52. It is measured. 

[0139] On the other hand, the probe (light sensing portion) 54 of the emission spectrometry measuring 
instrument 53 has been arranged above the quartz aperture 44, and the luminescence reinforcement of Ar or 
O is measured by this emission spectrometry measuring instrument 53. 

[0140] Moreover, CCD camera 55 is arranged in the plasma production chamber 40, and the picture signal 
outputted from this CCD camera 55 is sent to a television monitor 56. 

[0141] This CCD camera 55 picturizes the sheath produced near [ each ] the periphery of two internal 
straight-line antennas 45 and 46, and is outputting that picture signal. 

[0142] As for this sheath, near the periphery of each internal straight-line antennas 45 and 46, since there are 

few electronic collision reactions, luminescence reinforcement has become very small. 

[0143] In the field of this sheath, if the thickness of a sheath is large, the ion which has high energy in each 

internal straight-line antennas 45 and 46 by electric field becoming strong will carry out incidence, 

sputtering occurs, if the thickness of a sheath is conversely small, electric field will become strong, and ion 

with the low energy to each internal straight-line antennas 45 and 46 carries out incidence. 

[0144] Therefore, if the thickness of a sheath becomes small, since the ion of low energy will carry out 

incidence to each internal straight-line antennas 45 and 46, the impurity from each internal straight-line 

antennas 45 and 46 does not adhere to the processed object 43. 

[0145] Next, the measurement result of the suspension capacitor and intercondenser using each above 
measuring device is explained. 

[0146] Drawing 1 5 shows the measurement result of the high-frequency voltage Vi when generating Ar 
plasma in the plasma production chamber 40, and changing the power of Ar plasma about 40W, 1 00W, 
200W, and 400W, an electrical potential difference V, Current I, and luminescence reinforcement. 
[0147] Here, this measurement result is the suspension capacitor Cf and an intercondenser Ci, as shown in 
drawing 16 . It divided into each types a, b, and c into which the combination of each capacity was changed, 
and measured. 

[0148] In addition, Type c is the suspension capacitor Cf. Intercondenser Ci The whole of each capacity is 
zero, it is equipment conventionally, and is shown for the comparison with this invention equipment. 
[0149] Moreover, drawing 17 is the high-frequency voltage Vi in each types a, b, and c. And the amplitude 
of the high-frequency voltage to the RF output about an electrical potential difference V is shown. 
[0150] Furthermore, drawing 18 shows each luminescence reinforcement to each types a, b, and c. As 
shown in this drawing, it is Type b Cf, i.e., a suspension capacitor. 350pF and intercondenser Ci Zero and 
additional capacitor calcium Luminescence reinforcement is the highest when it is made 1 50pF. 
[0151] This luminescence reinforcement corresponds mostly with plasma electron density, and if that 
reinforcement is high, it shows that plasma electron density is high. 

[0152] Therefore, if it is the above-mentioned experimental result, even if Type b compares with equipment 
(Type c) conventionally, it is shown that plasma electron density is the highest. 

[0153] On the other hand, drawing 1 9 is 02 in the plasma production chamber 40. The plasma is generated 
and it is 02. When the power of the plasma is changed about 40W, 100W, 200W, 400W, and 600W, the 
measurement result of the sheath thickness obtained by the image pick-up of CCD camera 55 is shown, and 
drawing 20 shows the graph-ized drawing. 

[0154] the part from these Figs., or the thing to which a RF output becomes large like and which it is alike, 
and it follows and sheath thickness becomes thin — understanding — among these — also coming out — since 
the sheath thickness of Types a and b is thin, the amount of spatters from an internal straight-line antenna is 
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controlled, and the impurity in etching or CVD is pressed down. 

[0155] Moreover, it is the suspension capacitor Cf to two internal straight-line antennas as measurement of 
sheath thickness. And intercondenser Ci It carried out also about the case where it does not connect with the 
case where it connects. 

[01 56] Drawing 21 is the outline block diagram of a circuit used for this sheath thickness measurement, and 
this drawing (a) is the suspension capacitor Cf. And intercondenser Ci When both not connecting and this 
drawing (b) does not connect only the suspension capacitor Cf (for example, 350pF), it is this drawing (c). It 
is the case where both the suspension capacitor Cf and the intercondenser Ci (for example, 350pF) are 
connected. 

[0157] It sets to the measuring circuit of such sheath thickness, and is this drawing (a). In the shown circuit, 
sheath thickness becomes 9.5mm, and it is this drawing (b). In the shown circuit, sheath thickness becomes 
4.1mm, and it is this drawing (c). In the shown circuit, sheath thickness becomes 1 .2mm. 
[0158] Therefore, suspension capacitor Cf And intercondenser Ci If it connects, sheath thickness will 
become thin and the impurity in etching or CVD will be pressed down like the above. 
[0159] Thus, it sets in the gestalt of implementation of the above 2nd. The suspension capacitor 30 and an 
intercondenser 31 are connected to each **, such as 7 between the internal straight-line antenna 9 and touch- 
down, and two or more internal straight-line antennas 14 and 15. Capacity C<SUB>f of these suspension 
capacitor 30 or an intercondenser 31, Ci Since it is made to change, the high-frequency- voltage distribution 
on the internal straight-line antenna 9 etc. is changed and electrostatic association with this internal straight- 
line antenna 9 etc. and Plasma P was controlled In order to reconcile stabilization of plasma P discharge, and 
control of the spatter by the internal straight-line antenna 9 etc., electrostatic association with the internal 
straight-line antenna 9 etc. and Plasma P is controllable the optimal. 

[0160] It is controlled that ion is therefore accelerated by the negative direct-current self-bias electrical 
potential difference, for example, the spatter of the ingredient of an antenna is carried out to the wall and the 
processed object 6 of the plasma production chamber 1 by this, it can carry out reinforcement of the high 
frequency plasma equipment, and having a bad influence on processes, such as etching and CVD, is lost. 
[0161] In addition, the antenna arranged in the same effectiveness 1 as the gestalt of implementation of the 
above 1st, i.e., a plasma production chamber, is made into the simple structure which was easy to produce 
and was excellent in maintenance nature, such as exchange, and the antenna of a parenthesis can generate 
high-density BURAZUMA P in the plasma production chamber 1 . 

[0162] Moreover, when generating the plasma with a uniform consistency with the diameter of 
macrostomia, two or more internal straight-line antennas can be realized by rationalizing a serial or the 
combination which carried out parallel connection so that a plasma consistency may become homogeneity. 
[0163] furthermore, an antenna — the impurity which generates a conductor 10 by sputtering of an antenna 
with the insulating material of quartz pipe 1 1 grade at that of a wrap can be controlled. 
[0164] In addition, this invention is not limited to the gestalt of the above 1st and the 2nd implementation, 
and may carry out various deformation. 

[0165] For example, the number or connection method of an internal straight-line antenna are not limited to 
the gestalt of the above 1 st and the 2nd implementation, but corresponding to a process, two or more internal 
straight-line antennas of each other may be considered as a serial or/and juxtaposition, the location of the 
arrangement may be made mutual in the vertical direction, or they may be changed suitably. 
(3) Explain the gestalt of operation of the 3rd of this invention with reference to a drawing hereafter. In 
addition, also in the gestalt of this operation, the same sign is given to the same part and the detailed 
explanation is omitted. 

[0166] It is the same as that of the configuration of the high frequency processor stated with the gestalt of 
the 1st operation of a ****, or the gestalt of the 2nd operation in the point established so that the internal 
straight-line antenna 62 might be made to insert in the plasma production chamber 61 of the high frequency 
processor 60 shown in drawing 22 with the gestalt of this operation. 

[0167] Moreover, the configuration which covered in the quartz pipe 63 which makes dielectrics, such as a 
quartz, the quality of the material for the internal straight-line antenna 62 is the same as the configuration 
which stated with the gestalt of above-mentioned operation. In addition, the configuration of this quartz pipe 

63 is also formed in the shape of a cylindrical shape as well as the gestalt of above-mentioned operation. 
[0168] However, with the gestalt of this operation, to the centrum 64 which consists in the interior of this 
quartz pipe 63, eccentricity of the internal straight-line antenna 62 was carried out, and it is arranged. He 
considers as the condition of having put the internal straight-line antenna 62 on the interior of the centrum 

64 formed in the sufficiently big path, and is trying for this internal straight-line antenna 62 to specifically 
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contact the internal surface of the quartz pipe 63 as compared with the internal straight-line antenna 62, as 
shown in drawing 23 . 

[0169] It becomes the configuration that the internal straight-line antenna 62 carries out eccentricity to the 
processed object 6 side, and is arranged by it. 

[0170] In order to realize such off-center arrangement, the antenna holddown member 65 as shown in the 
edge side at drawing 24 is attached in the quartz pipe 63 inserted in the upper part side of the chamber 61 of 
the above-mentioned high frequency processor 60. As shown in drawing 24 , that outer diameter attaches 
this antenna holddown member 65 in the centrum 64 of the above-mentioned quartz pipe 63, and it is 
formed in fixable magnitude. 

[0171] Here, it is formed in magnitude with possible that quality of the material consisting of rubber, and the 
outer diameter of the antenna holddown member 65 carrying out elastic deformation of this to the open end 
of the above-mentioned quartz pipe 63, and inserting this antenna holddown member 65 in it. 
[0172] In addition, the internal straight-line antenna 62 may be arranged so that the internal surface by the 
side of the processed object 6 of a centrum 64 may not be made to contact but it may estrange also besides 
being arranged in the condition of having placed so that the internal surface of a centrum 64 might be 
contacted without forming the antenna holddown member 65. However, to arrange the internal straight-line 
antenna 62 off center is needed for the processed object 6 side even in this case. 

[0173] The operation effectiveness of the RF processor 60 of having the above configurations is explained 
below. 

[0174] If RF generator 13 operates and the high frequency current flows through the adjustment machine 12 
from here, induction field will occur around the internal straight-line antenna 62, and this induction field 
will be added to process gas, such as reactant gas for etching of the plasma production chamber 61 interior, 
and material gas for CVD. 

[0175] Plasma P is generated by it and processing of etching, thin film formation, etc. to the processed 
object 6 is performed. 

[0176] In this case, rather than the configuration stated with the gestalt of the 1st operation of a **** in the 
quartz pipe 63 interior, eccentricity is carried out and the above-mentioned internal straight-line antenna 62 
is arranged so that the processed object 6 side may be approached. For this reason, the front face (processed 
object 6 side) of the quartz-glass 63 bottom can be made to generate strong electric field compared with the 
case where carry out eccentricity and it does not arrange. 

[0177] Moreover, contrary to this, the front face (the part and the opposite side in which the processed 
object 6 is formed) of a quartz-glass 63 top is prepared so that the distance from the internal straight-line 
antenna 62 may become far, and by this part, generating of electric field becomes weak. 
[0178] For this reason, it becomes possible to control generating of the useless plasma P etc. by the part 
which is unrelated to the plasma treatment of the processed object 6 etc. That is, it becomes possible to 
control so that density distribution of Plasma P may be made into high density only in the part which 
processes the processed object 6. It enables it to aim at efficient use of the high frequency current. 
[0179] Moreover, control of the spatter produced in the internal surface of such a part is attained by 
suppressing generating of the plasma P in the part which is unrelated to plasma treatment etc. in addition to 
efficient use of such high frequency current. By it, it contributes also to the reinforcement of the RF 
processor 60. 

[0180] Here, the concrete experimental result at the time of adopting an above-mentioned configuration is 
shown below based on drawing 25 . In this experiment, the internal straight-line antenna 62 is arranged to 
the plasma production chamber 61 with a diameter of 40cm at 4 parallel. This internal straight-line antenna 
62 is a copper pipe with a diameter of 6mm, and is the configuration that this was inserted in the quartz pipe 

27. 

[0181] The diameter of the quartz pipe 27 is prepared in 25mm, and it is installing the internal straight-line 

antenna 62 so that this quartz pipe 27 bottom may be contacted. The internal straight-line antenna 62 is 

formed in the condition of having carried out eccentricity inside the quartz pipe 27 by it. 

[0182] Moreover, the substrate stage 5 for 8 inch wafers is established in the location of 100mm the lower 

part side of the quartz pipe 27, and processing by the plasma of a thin film is enabled. 

[0183] The graph when conducting the comparative experiments of the ashing rate of a resist using such a 

high frequency processor 60 is shown below. The discharge conditions in this case are 02. They 

are /CF4=680/1 20sccm, 1 OOmtorr, and 1 kW. 

[0184] When it experiments under such conditions and the internal straight-line antenna 62 and the quartz 
pipe 27 make it this alignment, the ashing rate serves as an average of 1 .04 micrometer/min. However, the 
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ashing rate rose even to an average of 1 .04 micrometer/min by carrying out eccentricity. That is, it is going 
up about 10%. 

[0185] By carrying out eccentricity, when the density distribution of shaft orientations changed, this result is 
produced, so that the density distribution of Plasma P may be raised in the lower part of the internal straight- 
line antenna 61. 

[01 86] The result that improvement in an ashing rate was able to be aimed at was obtained also from the 

above result, and the usefulness of invention concerning the gestalt of this operation was proved. 

[0187] As mentioned above, although the gestalt of operation of the 3rd of this invention was explained, this 

invention is variously deformable besides this. Hereafter, these modifications are explained. 

[01 88] Drawing 26 deforms the configuration of the quartz pipe 70, and serves as the crevice 71 where the 

central part in the die-length direction of the quartz pipe 70 was dented. By it, in the central part of the 

quartz pipe 70, spacing between the internal straight-line antenna 62 and the quartz pipe 70 becomes narrow, 

strong electric field are produced in the central part of the front face of the quartz pipe 70 by this, and 

control which makes high the plasma consistency in this central part can be performed. 

[01 89] Moreover, with the configuration shown in drawing 27 , the quartz pipe 72 is formed only in a part 

for the both ends of the internal straight-line antenna 62. This quartz pipe 72 is formed for example, in the 

drill configuration, and is considered as the respectively separate configuration independently attached in the 

internal straight-line antenna 62. 

[0190] Also with such a quartz pipe 72 of a configuration, generating of the plasma P in the plasma 
production chamber 61 neighborhood is controlled, and the internal surface of this plasma production 
chamber 61 is enabling prevention of a spatter etc. being carried out. That is, it is the configuration that 
control to which the plasma consistency near the wall of the plasma production chamber 61 becomes low 
can be performed. 

[0191] Moreover, in the configuration shown in drawing 28 , the central part of the plasma production 
chamber 61 of the internal straight-line antenna 62 is considered as the wrap configuration in the quartz pipe 
73. By considering as such a configuration, it becomes possible to stop the plasma consistency in the central 
part of the plasma production chamber 61, and it becomes possible to perform control which equalizes a 
plasma consistency in the plasma production chamber 61 interior by it. 

[0192] Furthermore, with the configuration shown in drawing 29 , the path of the quartz pipe 74 is changed 
partially. For example, as shown in this drawing, it becomes possible to change the plasma consistency by 
the side of the quartz pipe 74 lower part by change of this path to making large the path of the quartz pipe 74 
of the central part of the internal straight-line antenna 62. Therefore, if the path of the quartz pipe 74 is 
changed in a desired location, in connection with it, it will become controllable suitably about the plasma 
consistency in the plasma production chamber 61 interior. 

[0193] Moreover, it is the configuration of having bent the internal straight-line antenna 62 in the quartz 
pipe 27 interior which has a fixed size with the configuration shown in drawing 30 (a) and (b). By adjusting 
the bending configuration of the internal straight-line antenna 62 in this quartz pipe 27 interior, it becomes 
possible to control the plasma consistency in the plasma production chamber 61 interior. In addition, the 
configuration of the internal straight-line antenna 62 shown in drawing 30 (a) and (b) is typical, in addition 
various configurations are assumed by how a plasma consistency is formed. For example, if the internal 
straight-line antenna 62 is made to turn and transform into the processed object 6 side in the central part of 
the plasma production chamber 61 interior as shown in drawing 30 (b), it will become possible to make high 
the plasma consistency by the side of the processed object 6 of the part made to deform towards the internal 
straight-line antenna 62. 

[0194] As mentioned above, although the gestalt of the 1st thru/or the 3rd operation was explained about 
this invention, this invention is variously deformable besides this, for example, it makes it possible to 
generate the more efficient and uniform plasma by arranging the internal straight-line antenna 62 in the 
shape of Igata. 

[0195] Moreover, although the above-mentioned explanation attached and described to high frequency 
processors, such as etching (ashing), CVD, etc. which used high frequency, the high-frequency-discharge 
equipment used as the source which makes the plasma state in a container etc. can also be offered. 
[0196] In addition, in the range which does not change the summary of this invention, it is variously 
deformable. 
[0197] 

[Effect of the Invention] As a full account was given above, according to this invention, the high-frequency- 
discharge approach as for which the antenna arranged in a container is made to simple structure, and its 
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equipment can be offered. 

[0198] Moreover, according to this invention, the RF processor which simplifies structure of the antenna 
arranged in a vacuum housing, and can perform RF processing can be offered. 

[Translation done.] 
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[0 0 8 0] CCO/U— XT 2 4 tt, £^-fX£:l 

[0 0 8 1] ceo J: 9 fcfflNS-Cfcixfcf* /u— /Tyrt 
2 4lC*tLTi^&^2 6^feffi^jR«fflEriSfi<&g2 

5£jiL-cnftn6£, ro/u— xt >^-*-2 4<7)ji(aic 
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So 

[0 0 8 2] Lt^M, ±12ia5lc^i;fcOrtffliiG» 
T yft 9 cog*g £ ^gflT yrt^^cogl <t (7)®^fe 

[0 0 8 3] :<o8*ii, fonm.l&7i'^r-i-9X{*, K 

[00 8 4] ^C, 2#0>rt^«T>^&ffi^fc£ 
[0 0 8 5] II 7 (iF^^tt^T VT-^^Xnir^^fiJc^ 

[0086] i^igKCTn-r £ 9*daA^n^^sm^^' 

[0 0 8 7] CCD^^^^Tm^^ii-^J^p. «\ X 

swufcttet 2 *K?ijSMg istzms t xmzm- 1 ta 

[0 0 8 8] 5^rt«BUftr>^^<D*:«^»« 

szicit^xmjjfcmzhmp, &mmmm±±z^<nx\ 

[0 0 8 9] C*UCJ;I9, aw^Mi7yrt^7 p 

[0 0 9 0] rtfflsi[»T>"r^-35S|il2^^-r«J: 9 

[0 0 9 1 ] _bI2(il 1 (r^-f 1 ^OP^gPia^T >"7^ 9 
fc^, -tcom^^aJi 2X10E+Ilcm" 3 ^j: 



( 

11 

[0 0 9 2) X, rtfflJiEjBT^7 i ^9«:0 2JC^i-J:9 
[0 0 9 3] c^H»^rjfefi, ±IEH i tc^i-^BJcJ: 

ttl*6tUpo 1 y-S iKuM^lfcM 

[6 Q:9-4.J i8(iWBi7yft9<D^^^ y ^ 

^V^l lt'SW^i^ ^«)xys±[CAl^ 
tU^^, po 1 y-S i ±\ZftM\g.ffcT>*r1-9<DAl 

oly-Si ^fcfflStUTV^^w bfrbX P SO&tti 
$=£&%x.5^ 'Xi:t,5 0ty^hn^llt 
mt'X^^tn^hti^o 
[ 0 0 9 5 ] — z? 1 1 t'lofci^, S i 

[0 0 9 6] ~toj: ^c^^V^i lt'Tyft^ 
i 0 ?rS9 - biz. X 9 % T^X^Pfc^Hf&T:^-*-** 
i ■: H S# i%* ^ > * S « o /t * * , 7" p ir * tc 

[0 0 9 7] 5 tciifafg l0>*fc(B*J8fc:fcv*T 

tt«g^y7X^ P X-r^fiR^^r W< 1 f*9t- 

[0 0 9 8] X, ^PiT'M^-/^?^^^ 

[0 0 9 9] £ibl-> 7yft**io^JE^^i 
Jst-S&^AB^ttfci^fM-C**, (2) J^T, 

[0100] i9 fi*«W<^H««ft«*«feSraffl Lfc 
[oioi] ftummr V^-7-9 co-^^fi, 1 
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[0 10 2] rc03*iS=3>"r >i^3 0(i, pl^ttfo 
[0103] -T*^)*,, HI 1 0 (a) (C^-T «t 0 KPMWL 

mr 9 vfvt 3 o as»«*;h/ci^*tf- 

ov^iD, A&b B&b<Dm\z&mm(c) 

[0104] ItlCW LT(D 1 1 (a) {ZTF-tJ: o tCf^ffli 
|E^T>'^^9(c:#jg=3>-T 1 '>'^3 O^ifSi:, A 

(b) \C7p^&?iCAj&bB&b<Dffl<Dmm&m {(U4 

(c) } taffi*B-C2»«)lffiPO*««r»o«ffi3ftsatt 
20 £ Q 

[0 10 5] Sot, figifi^ibB^WEtt, UlEKb) 
^-T^^^V-y- 3 0(- J:5i£f4^c7)mEE^fs]Ig] 
(c) C^tA^i: B^^^^^m/i^^S^^^ofc^ 

mj±btiz>o 

[0106) $£oT, Sj6=j ^"rls-V- 3 0 O^fflCr £ 

B,£ «h <rc*ra,£<D«BE£ 0 v [zmfflXZ Zi><DbteZ>o 
30 tit, Z(Dt^ IzmTM^ ^^^i^&v^-g-tcit^ 

[0107) mz±fcm2<nnm(DMm\z&rt%T>'7 L 
•r<D^m<o^m&\\^^^xm 1 2&t/i^i 3 4r#»LT 

[ o i o 8 ) m i 2 iii^^iE^r yrt u, 15^2 

40 [0 10 9] 2y£(Dft$V>\E$LT>"r-t 1 4 , 1 5WfflC 

ri^r-ri 5 tsifitomicifiSffia^^-^a 0^^ 
^3 0 bmmic&ih&m.mT^T-'i-i 4, i5t^x 

[0110] o£9, rttbr^S^^^^i^s 0, ^PbI 

iCi , C f &Zfr?tim4t£&X&ftUWij&T>'7 L -f 
14, 15J:WiliMll±M^$t, 
50 ^PiE^T ^^-1 4, 1 5i:7 , 7X-7Pi:^t^ 



V % --4t7 : * 1 13 

[0111)013 firt WS»T 16, 1 7 £ 2 

[0 112] C^F^iE^TXv^ 1 6, 1 7(7)—^ 
fdta, l^jgl 2«r^LTiBJ«jR«JRl 3j&s««S*U 

[0 1 13] r co^jg=i y/Vt 3 2 11, 

*r<7)#sffic, srae^s-frr^rtjfBiaiiT^^i 
iOIt^t- i 6 , i 7 ^?Xyp 
[oi 14] »:(c±ffio*p<«fi)t$ixfe3SBco^ffl(co 

,[0 1 15] [l!9{C^:-rStgtC^V>T, ^X^±0i^ 
£ J« ^ f y/Nll^](Dx 7 f y^l (DRfc&tf * ^cv 

d ffi coffin*/;* # ¥<n -? d -t ^ # ^ic^n <bft 5 0 
[0 1 16] mKJ; ^7Xvp^M^, 

# 6 I:»t53i y f v ^Xfi»«»«4 if wfel^ff 4 

[0 117] :oi:^i3yrVt3 0(1, ^(7)^1: 
ceort«5fi:»T >-t^9 ^7X-7p 
[o.U8] ii 2i:/TtiI(:io^T, 2.^<wh¥lM. 

^r^Ti-i 4, i 5(cB5ji»aagi a^ibflsj^jKaac 

^ftbrtffiiljRTXT^ 1 4, 1 

[oi 19} -*uc«t ^xvp^s^n, M*>ui 

* 6 *j-f 5 ^ y ^ y if x itrntmiA ^ co^LS^tr # 

[oi 2 0] c<7)£ #*ai3 vxv^a o, ^r^>r 
v-^3 in, *<Dmmc< , c, 3&s«i»*n-crt»au» 

7yftl4, 1 5±-C<Oi«»««JE»*«r*ft*-fr, 
t 0 1 2 1 ] HI 1 3^^i"^g^io^T, 7°^X^£/& 

i6,.i 7ic^tft«:si 3frbmm%immt&mzm 

tiz>t y :nbWi7yfti6, nrolici 
ljrt ^ y ^ ^ffl tosiCtt # * * c v d m (DffiM H * 
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[0 12 3] r<7)£ ZWm^^Tl/^Z 2(4, ^co<gfl: 
C, dS|«|fii$ttTrtffliEjf6r Vrt 1 6, 1 7±T-cOi^ 

[0124] ill^yfyfMW^^yfyt 
[0125] rco^n, 2^(D\hum.mr 

10 6 e 

[0126] 114 tt*^S***C|S6ffli-5ii5JSIttfea 
[0 12 7] /7X-74Sfir^4 0li, 0»Jx.tfHJK 

[0 12 8] X, ^^XT&JftWM OOTSPI-fi 
»«*4 i#««Siirv^. :#*l4ii:it 1 

r^M^v^f^lb^ctoT^^x^^^^w^i 

[0 12 9] X, /7X7Mf^/<4 Orttctt, S 
^f-v f 4 2^1S:ijP)n, rco^^X^ — i/4 2±(- 

x^y^lic vD^S^tr^^n5^PX^j4 3^ 

[0 13 0] X, T'^X-riiSftwM 0Wl»l: 
fit, ^3?&4 4j&SR»fe*L-C^S. 
[0 13 1] /7X-7Mft>^4 0^(^- 

30 fl, 2^<7)(^gl5ffiST V^-7-4 5 , 4 6^7X7^ 

[0132] rtHb^^Si7yTt4 5 , 4 6(t 09 
X.liilg 6 mm^q ^bJRflt £ T Vv 1 

mttl 0 (DftMlZltftimfcmtl, F^«PiS«lr^-7-4 
5, 4 6(DMS-h#^KflhUT^-5 0 
[0 13 3] ^(7)9 ^Wili7yrt4 5co— 
fit, — ^^#3*5>P>ixfc^y^^--4 7 £rtf* L 

40 r^^maiu 8^M^nti/>^ 0 

[0134] -7^ft-47lt y^^tl5ct 
9 (-^fi^^^^^I^^fi^O^^^^v-^ 4 9, 5 0 7)> 

[0 13 5] X, 2oOf^*i5i£^T>'^-7-4 5, 4 6 CO 

[0 13 6] rw<t5 4SII^LT£ilT03*a£SI 
50 [0137] f^^iE^r^^-7-4 5<l:V5/ft-47^ 
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WfflKte, R F^D-y 5 1 J&SRttbft, :(ORF7"p 
ir y5 1 ia»3ti5ft I , «ffiVj&s»J£S;h,6fcOi:fco 

f Ci ir^ffljdfi, A^7 : 1 0 0 0 0: 1 (D^m 

o*^p*=i— ;/5 2*cJ:5i*«tt«JEVi dsJW^*tt 

[0 13 9] «mHSH5 3CO^D-y (g 

*») 5 4 3ft«^«4 4 0±*fCiailSiL, C^ft^ 10 

[0140] X, S^^Xvitfft 

^^IlSlf^fi^tr'^g 5 6 J: 

[0141] :(/)CCD^^ 7 5 5lt 2-DCO\H^m.B 
• v. •• ■ «rttiAt5t)<Oi:4ot^5 0 

:Jio r<7>>— ^■«@:«7yTt4 5 > 20 

[0143] :<o->- *<z>J?$as* 
#v^fc«IM*iJK #^M7yrt45, 46 

rt>3§£U i2(cv— ^a>ff* *S/h*i^«»*53S< ft 

[0144] ffiot, '>-^Of$WS<46i:fi3: 
*j\s*c<D<<jt s stf&P{&%1$kT >v"T4 5, 4 6CAtt 30 

ts;.^»6**i#4 3(c^Lr^p^^iE»rv^^ 

4 5, 4 6^b©T«W s Wf LftV» c 
[0145] ftJd«±ro#BISi6llS:ffl^^T^»iB= > 

L 4*.gfJ HI 1 SI^7X'7Mft^4 0F^(CA 
r^X-^&^J* U ^oAr7 P 7X-7(7)I^^4 0 
W\ 10 0W, 2 0 0W^i;4 0 0Wl:o^Tfif:^ 

s^khsmev, , mj±v, m^e 1 s^3t»s^sij 
^^m^^-fo 40 
[0147] ::-c, z<nmfcf£%zi*, m 1 6 ic^-fx 

[0 14 8] ft*3, ^-T^cti, ffiRa^XlfC, £ 
[0 14 9] X, (Hi 7|i#^^f/a, b, ciCjotta 

^HHKIIwii^^Lti/^o 50 
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[0 15 0] £<bf£, 11 8W^a, b, cld*f 
-f^b, i-ft^^b^^V^^i^Cr £3 5 0 pF s * 

m^yfytCi iiAn^^xviJ-c. ^i50 P 

[0 15 1] ^<OfS3fe»ffitt, ^X-vm-T-flSfttiaff 
[0 15 2] fi£oT, ±fEH»3B»-e*)ttrt % ^-T^b 

[0 15 3] — [Hi 9f2;/^X-e£j&^-v>v^4 0 

4 0W, 10 0W, 2 0 0W, 4 0 0WSt> , 6 0 0WC 
o^Tf^:^l:CCD^^ 7 5 5 (DWii&lZ. £ V%t> 

[0 15 4] rixe>H^e>»^J:5^*»ftffl*^*:# 

[0 15 5] X, xmZ&mfet LX 2*<Df]&W. 

[0156] 112 lnt^^^—^m^m^m^^tcm 
&<DWtmffitizmxtbix, mmM^m^^r^c 

(W^ig^^x^Cr (Wttf3 5 0 pF) W^-Sr 

tf7 0 0 pF) RTJ^ffl^^Try-y-Ci (Mt(i3 5 0 
P F) £#KS«Lfc*&-C*>£ 0 
[0 15 7] rcDi 5ft'>— ^ff*^JB']3£lHlK(-i3V> 
t, [sHD(a) t^-t-OSS-Cfi^— 9 . 5 mm <b 
ft*K I^IH(b) (C^i"Is]K"Ctt>'— ^ff$^S4. 1mm 
£ft9, 1^1 0(c) (c^i-lHlSS-eJi^— *m&& 1 . 2m 
m t ft £0 

[0158] t£o-c, nm^>v">-^c f RXftpm^^ 

[0159] z<D&iiz±&m2<Dnm<nj&mz*3\,*x 
sryftu, 1 5t£t'<D&r$^n-m^>'7'y j *3 0 

^B3y7yt3i«:»8U -tb^iS^ yf>t 
3o^lBi = yfyt3iro8tc f , c, £^ft;£-tf 

&mttom&&fflffl-rz>£i^Ltz<nx\ y^x^p^m 



17 

X-7 p t w»«Wtt^*r*a^»Jl»"C# S, 
[0160] Itll: J: 9 , Aeojgatiryu:7^>f 7^iE 

XU'f, y ^A^C V d ^(oy p t X Cl^f ^4 

[0161] ±JBJBl wSll|go»JI8tWI«*S» 

t^t)ib7 , 7 X-^Mf t >^ 1 F^^IElt 57 y 

p £ z^x-rfe&^-v w< i rtfc^-et 5 0 

[0 16 2] X, ^Pit«g^-^y7XT^ 

-rs»^cfi, :/7X^«fl«sj9— lefts J: 5K««0> 

[o i 6 3] <*<bic, ryrtSfri o^^-^^^i 

J: 9 %*i-6^Ftt**»*]-c# So- 
li o l 6 4 ] fe*5, ±I5« l RO«!B 2 (7>*JS 

:. >jf$s j - ps^ $ n s t co -eft < &mmm ltu^. 

(3) JL^T, **W<0«3^jaS<0»lB^ov^Tiaffi«r# 

[0166] *m6<o^ffir-fi, si 2 2 [c^-tmm&&h 

0>*18*>»ia, *L<J±*2<7>H16w*JIB-Ci*'<fciSJ« 
[0167] rtSflffiRT^-J-e 2 

[0 168] L^L*jft«b, CCO^ 
rt6 2^KLTieiL'CI/^o ^fr«J«ctt % 2 3 

[0169] ttiaot, rtffljffl:*ftr>'7--*-6 2tm 
[0 17 0] z<ox otefa'b&W&n^iTZtiib, ±m 
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>ftKM6 5 ii, B2 4^-fJ; 5^*<o^«*s 
±1S^^W^6 3<D*£g|5 6 4*c*9«-*-tB3e«r** 

[0171] :rr\ :^t^t-^-s^SBW6 5ii, 
[0172] F^^ii:^r^^i-6 2H 7yft 

6 5 S:»ltf (-^^^ 6 4 Wrt^S^Sgtt-r S 

e {Rijco^M® t mm $ -fr-f n n-j- s £ 9 keb 

Lttib4V\ L*»Lft35Sb, roi^tt, 

[0173] jw±co x 0 teffij&zm^zmm&t&mmw 

[0 1 7 4] iiiJiKm^l rr^ibi^^ 
t6 2©«ii:|H«J|iWtl, 

[0 17 5] ^tUcJ;oT, T'yX^p^SSJjx, ffi 
[0 17 6] ^ co^, _biEftS5KSl7 >^*^6 2(t 

30 ^3?^^ 6 3rtffl(c*3v^r±izii^»i wnite^li-e 
mm (@L&mi£ e no lteb u<ct^»* <t it 

[01771 *t m«tfiiS?^, ^^#7* 6 3 CO_h 

[0 17 8] ^(Dfztb, &&S#6<D:/7X^&ig^(C 
40 SiW/jtV^fit'fti;^/^ P^4§^jt5 

[0179] w<oj: 5*S5^««at^ai*av^] 
50 [0180] ±m<omj8.*mmistzm&<nM,ft 
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W**IMS**\ 1212 5CS^>T^TI^to wco^ 
2*r4#¥fTKE*JLT^3. 

[0181] 7° 2 7 (DBllj: 2 5 mm (CIS: (t P, 

tlTV^T, ~CQ^/M:X2 7 60T«!J{c:»tt-rS £ 5 IC 

Lfc«ffiKKtt6*xT^5 0 io 

[O i 8.2 ] tit*. ^^/2 7WT*«1 0 0mm 
[0183] *S5JlJKfeS$5tt6 0 £fflv^T u 

7 7^JWTfC^i- 0 w<0»fr0>iMt*fl:ti, 0 2 /C 
= 6 8 0/l20sccm, lOOmtorr, 1 

[0 18 4] :©J; 5*A#T-Cjt*SrtTofc»&, f*l 20 
^iEMT>^^6 2 ^r^^y^^2 7 ^^ISJiWc Lfc t 
#fi, T y\yy^i^— M*. 0 4 /u m/m i n 

T ;y v-^U—- Mi¥#J 1 . 0 4 a m/m i n td£"C± 

{0 18 5] ~<Dffi%:iZ y ffi'bZlt&Z ilIJ;oT, 

[0186] ^±W*S«^bt>, T y VV^/U— h(D[£] 30 

So 

[0 18 7] #*W<0»3<D*lfcW»ttfco^T 
[0 18 8] H2 6f4, ^s<^zf7 0«WI 
^^^7 0<7>^*Sf|S^"Cfi, 2 ^ 40 

*55S'<-<:/7 0<0FbK^Pb1IWt5s»5< #9 , rtiiaot^ 

[0 18 9] H2 7|C^i-«rt-Ctt, ^WEftr 

[0 19 0] :^J:9«^/^7 P 7 2iaot 50 
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*«fi< *S J: 5 4WJ»*:fTx.*«lric-x?«)5. 
[oi9i] Sfc, m 2 8 ic:*i-«fiK-ctt, rttfliMlT 

2(7D^ P ^X^^^^>y<6 1 0**«J#&;5 
^7 P 7 3tS9M^LTl^ 0 Z.<D&0tm$Lt 

^x^^ntsrtWitft^ -tttfcioT 
^yX-rjfejjft^e 1 rtW^t^XvM^ 

[0 19 2] Sbfc., B2 9|:vt**m =E5£'<-< 
^7 4co^^#(ftl-^k£^T^S 0 #Jx.tf r<7)HH;i 
^"TJ:?^ ^M7yrt6 2(D^^»^^ 

35x<-f X7 4 T*(H!J-ew^7 X-^fiSr^ffcS-t*:*, c £ 
jfiSpTfBirttS. <tor, 1^(41^^^7 4(7) 

[0 19 3] [330(a), (b) ^^-f«ME"C 

tt, — Sroi:^tt5^VX2 7rt*^*3tfsrt 
^2 7M-ert»i87^t6 2<oft»f*tt*««Ei- 

Sr 9, ^7X-7iSf lrt»l:*Jtt6 

0 (a) , (b) lZ^ft&m.1&T>'Ti-6 2<Dj&Vtte* 

130 (b) tr^-TJ: 9 tc, X7X^ft^6 1 

»6«HcrtjJtraE»*-&tttf, ^Ei7yft6 2tc 

[0 19 4] *^0^^o^t, ^17!^S53CD|| 

0, W^tfirtttfllDWT^-^e 2*r#» 

[0 19 5] X, JiSEOlftWCttK^iSSrffiv^^y^ 

[0 19 6] -ecofdi, *3SWW3S§r*£ML*^«iiaK 
[0197] 

[0 1 9 8] X. *»WJcj:ixtf, K^Sirtt-IEg-T 



tt«yiasB*r»«-e* z 0 

[(3 2] lUKKtcffli^r^^^wfflffiKiao 

[[13] **^C0i«jgiK*aSSg«^*3ttST>-r^-^2 

[B5-] BLJKRwr^^trffl^^fcKll-CO^fiitai 

8 ] rtffij«:l»r>^+«riBBLfc4:#W^^jy^ y 
[1219] *«W*cffifcSii5««3ft«*ft*riB«LfciK« 
[Hio] 7o-f-f y^^yfvt^iv^toTy 

[01 1] 7P-f^y^=>y7 f yf^iL]tt#W 
[mi 2] ^iS^wKJ^iStoaiSBt-^ttsr^^-^ 
imi 3] *3gf^e7)SJi&&^BK:fcMt6T yft^ 
[.mi 4] 7p-7^^^yfyf^cW5 

[die] mmm<nm&m&z&ztiito<n7P-T<< > 

[111 7] S^ftffl^«c»i-5i«^iR«ff^S*i«:^i- 

llo 

[111 8] 7 p - f ^ y yf yf <7)#ttc^t 5 

[[119] v'— *ff£<rc$l^tt*&^-fl2lo 
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1(12 1] ^-^»*tfftt5W*BI*«r*i-«*«* 
Mo 

[112 2] ^K^JRaolltto^tt^ftfo^KJIIttM. 

[ii2 3] &mi&<nmmizmfrtt&s<j7\zftn\B.m 
[ii2 4] mnm<Di&mic&iozTisT+mfeu&<oB 

10 1(12 5] liJ^JficojKffi^tS^SP'L^tdK^^tiyiirt 

1(12 6] m&m<oj&i&<D&Mmzmt>z*&mmAs 
[112 7] wjtifc^tto^WJcttfeSrtttilElfcrv 
[ii2 8] mmm<DMm<o&Mm\z»t>zft&wi&7^ 

[[12 9] |WI*«<o»ll8<DaE»«^«*>S**»<oS*s 
20 < jaw fcftfc^AW ^JBttSr^i-Ho 

[ii3o] ftnnnmiR<o&mm\z&kt>ztt'*'(?b 

(b) tt^9X^^rt^-r^^ , t , *»»*-*5v^Trt» 
i-H. 

^M] 

1 : T^X-^jS^ >v<, 

2 : 

30 5 : StR*^ — v\ 
6 : mQT.W, 

9 : rtasffilftT yft, 
1 0 : ryrtl^ 
1 1 : ^35'^ 7\ 

1 3 : mm&mn, 

14, 15, 16, 17: F^g&iS^T^T^ 

3 0, 3 1, 3 2 :7D»r^y^^>ryt, 
6 2 : rtSBffijRTV'T^ 

63, 70, 72, 73, 7 4 ^^V/, 
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